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ABSTRACT
The long standing problem of identifying the emission mechanism operating in
gamma-ray bursts (GRBs) has produced a myriad of possible models that have the
potential of explaining the observations. Generally, the empirical Band function is
fit to the observed gamma-ray data and the fit parameters are used to infer which
radiative mechanisms are at work in GRB outflows. In particular, the distribution
of the Band function’s low-energy power law index, α, has led to the so-called syn-
chrotron “line-of-death” (LOD) which is a statement that the distribution cannot be
explained by the simplest of synchrotron models alone. As an alternatively fitting
model, a combination of a blackbody in addition to the Band function is used, which
in many cases provide a better or equally good fit. It has been suggested that such
fits would be able to alleviate the LOD problem for synchrotron emission in GRBs.
However, these conclusions rely on the Band function’s ability to fit a synchrotron
spectrum within the observed energy band. In order to investigate if this is the case,
we simulate synchrotron and synchrotron+blackbody spectra and fold them through
the instrumental response of the Fermi Gamma-ray Burst Monitor (GBM). We then
perform a standard data analysis by fitting the simulated data with both Band and
Band+blackbody models. We find two important results: the synchrotron LOD is ac-
tually more severe than the original predictions: αLOD ∼ −0.8. Moreover, we find
that intrinsic synchrotron+blackbody emission is insufficient to account for the en-
tire observed α distribution. This implies that some other emission mechanism(s) are
required to explain a large fraction of observed GRBs.
Key words: (stars:) gamma ray bursts – methods: data analysis – radiation mech-
anisms: thermal
1 INTRODUCTION
While gamma-ray bursts (GRBs) are intrinsicly the bright-
est and most energetic events in the Universe since the Big
Bang, they are equally one of the most ill understood. From
energetics, the possible progenitors, the collapse of super-
massive population III stars or the merger of two compact
objects, can be heuristically argued for (Chevalier & Li 1999;
Ramirez-Ruiz, Lazzati & Blain 2002; Woosley & Heger 2006;
Meszaros & Rees 2010), but the pulse structure, observed
spectra, and spectral evolution lack a self-consistent the-
oretical explanation that can be bourne out by the data
(e.g. Preece et al. 2014). A key part of this problem is the
reliance on the fitted spectral parameters of the empirical
Band function (Band, Matteson & Ford 1993), a smoothly
? E-mail: jamesb@kth.se (JMB)
broken power law used to fit GRB spectral data, to infer the
validity of their models. However, the Band function lacks a
physical origin and therefore deriving physical implications
from the fits relies on inferring what the various spectral fit
parameters are indicative of (Preece et al. 1998; Ghirlanda,
Celotti & Ghisellini 2003; Baring & Braby 2004; Daigne,
Bosˇnjak & Dubus 2011). In general, the Band function can
mimic several thermal and non-thermal physical emissivi-
ties. The most commonly invoked example is relating the
Band function to the emission of optically-thin synchrotron
by relativistic electrons accelerated in the outflow of GRBs
by magnetic reconnection or shocks. The low-energy slope
of synchrotron approaches asymptotic values based on how
fast the electrons are cooled by their emission as they gyrate
in a magnetic field. This can be separated into two classes:
fast-cooling (FCS) and slow-cooling (SCS) synchrotron with
low-energy photon number indices of −3/2 and −2/3 respec-
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Figure 1. The GBM spectral catalog’s α distribution (Goldstein
et al. 2012) with the two standard LODs superimposed.
tively (Sari, Piran & Narayan 1998). With this considera-
tion, the distribution of low-energy slopes from GRB spec-
tra, that have been fit with the Band function, can be com-
pared to the predicted low-energy slopes and it can easily
be seen that almost 1/3 of all indices are inconsistent with
SCS and the nearly all are inconsistent with FCS which has
created the problem of the so-called “lines-of-death” (LOD)
(Crider et al. 1998; Preece et al. 1998; Kaneko et al. 2006;
Goldstein et al. 2012) (see Figure 1). Such comparisons of
Band’s α index to various models have been a primary focus
of modeling in the field. The GRB spectral catalog shows
a peak in the α distribution of ∼ −1 and many models
try to achieve this central value (Pe’er & Waxman 2004;
Pe’er & Zhang 2006; Medvedev et al. 2007; Beloborodov
2010; Daigne, Bosˇnjak & Dubus 2011; Uhm & Zhang 2014).
Though, there is a substantial amount of spread in the α
distribution and no one model has made predictions that
can explain all observed values. Such predictions are essen-
tial if it is expected that there is a universal process that
occurs in GRB jets. It may be that several types of emission
processes are active and vary from burst to burst. However,
the current lack of self-consistent simulations from progeni-
tor to radiation production limit such a global assessment.
Within the standard fireball model, it is very probable that
several emission components can be present in the observed
spectrum (Meszaros & Rees 2000), in particular emission
from the photosphere and optically-thin regions could be
superimposed upon one another.
Recently, a trend has therefore evolved with the pos-
sibility of reconciling synchrotron emission with the Band
α distribution which consists of fitting a blackbody (non-
dissipative photosphere) in combination with the typically
fitted Band function to spectra observed by GBM (Guiriec
et al. 2011; Axelsson et al. 2012; Iyyani et al. 2013; Preece
et al. 2014). This is a natural continuation of the fitting
of a blackbody and a power law that occurred during the
BATSE era (Ryde 2004, 2005; Ryde & Pe’er 2009) how-
ever, with the expanded high-energy bandpass of GBM, the
Band function and blackbody appear to be a more correct
picture according to the data. The addition of the black-
body in some cases can change the α that was obtained by
fitting the Band function alone to a value that is closer to
what is expected from synchrotron. This is not, however, a
universal observation (for example, see the α values from
Axelsson et al. 2012). Still, the changing of α values has the
potential to alleviate the problem of the LOD by implying
that the measured values of α from Band only fits are actu-
ally incorrect measurements and the spectral data should be
fitted with a Band+blackbody model which will infer that
the emission is actually a combination of synchrotron and a
blackbody.
There do exist predictions of emission coming from
GRBs that have this non-thermal+blackbody spectrum
which sufficiently motivates the fitting of Band+blackbody
(Meszaros & Rees 2000; Daigne & Mochkovitch 2002). The
significance of the observed blackbody has been calculated
in many spectra (e.g. Axelsson et al. 2012) and been shown
to be quite high. It is also possible that the blackbody found
in the spectra could arise from summing together the evolv-
ing spectrum of a single non-thermal emission mechanism.
Burgess & Ryde (2014) showed that it is possible for an
evolving Band function to introduce a blackbody into spec-
tral fits if too long of a duration of the evolution is summed
together in the fit and that time-resolved analysis is required
to check for the existence of a blackbody in the spectral data.
However, in any case, it is important ask what a spectrum
that consists of either fast or slow-cooling synchrotron that
has been folded through the GBM response looks like when
fitted by the Band function.
Herein, we investigate what the shape of the fitted Band
function is when the intrinsic spectra consist of either fast
or slow cooled synchrotron both with and without a black-
body by sythesizing these photon spectra and folding them
through the GBM detector response and then fitting them
with both Band and Band+blackbody photon functions. We
are not primarily concerned about the quality of the fits but
rather if the parameter distributions and values obtained
from Band fits to actual physical photon models coincide
with our assumptions. The article is divided as follows: in
Section 2 we simulate fast and slow-cooling synchrotron with
νFν peaks sampled from the GBM peak flux catalog (Gold-
stein et al. 2012) to investigate the effect that the detector
bandpass has on measuring the low-energy index of the syn-
chrotron spectrum. In Section 3 we simulate synchrotron
spectra along with a blackbody where the synchrotron is
held fixed and the blackbody flux is varied in kT and flux
to examine what the derived α’s from Band fits would be
under different scenarios.
We stress that we are not addressing whether or not syn-
chrotron and synchrotron+blackbody can arise in the GRB
spectra from physical principles. Rather, we are testing the
assertions that the parameter distributions from Band and
Band+blackbody fits can be directly used to infer conclu-
sions on the various underlying emission scenarios at work
in GRB outflows.
2 TESTING THE “LINE-OF-DEATH”
While the LOD is a strong motivator for model development
in the field of GRBs, it has not been tested directly by actu-
ally simulating what the GRB spectral catalogs would look
like if the spectra observed actually came from either FCS or
SCS emission. What we aim to test is how the bandpass of
the detector affects the measured Band α for the synchrotron
c© 2014 RAS, MNRAS 000, 1–12
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Figure 2. The GBM catalog Ep distribution.
models. Since the Band function’s curvature around the νFν
peak differs from synchrotron and the synchrotron function
curves continuously below the νFν peak, then it is likely that
fitting a Band function to these physical spectra will have
an effect on α as the νFν peak approaches the low-energy
edge of the instrument’s bandpass.
To examine this question, we sample the Ep distribu-
tion (see Figure 2) of the Fermi Gamma-ray Burst Monitor
(GBM) peak flux catalog (Goldstein et al. 2012) and use
those values to simulate synchrotron emission from fast- and
slow-cooling electron distributions (see Equations 1 and 2).
For SCS, we assume that the electrons are distributed as a
power law in energy such that
nslowe (γ) ∝ γ−p : γmin 6 γ (1)
where p is the electron spectral index and γmin is the injec-
tion energy of the process that accelerates the electrons. The
spectrum of FCS arises when the electrons in the power law
have cooled quickly compared to the dynamical timescale
via synchrotron emission and pile up below the injection
energy. This forms a broken power law distribution of the
electrons in energy of the form
nfaste (γ) ∝
{
γ−2 : γcool < γ 6 γmin
γ1−p : γ < γmin
(2)
where γcool is the energy to which the electrons cool after a
characteristic cooling time (for a review on synchrotron cool-
ing see Sari, Piran & Narayan 1998; Burgess et al. 2014). To
compute the synchrotron emission from these electron dis-
tributions, we convolve them with the standard synchrotron
kernel (Blumenthal & Gould 1970). For each sampled Ep
from the GBM catalog, we use the relation Ep ∝ ΓBγ2min,
where Γ and B are the bulk Lorentz factor and magnetic
field strength respectively, to scale the νFν peak of the syn-
chrotron spectrum. For the electron index, p we assume
p = 3.5 for slow-cooling and p = 2.5 for fast-cooling to
recover the average observed value of the Band function’s
high-energy index, β ∼ −2.2.
With the derived photon spectra, we use detector
responses from GBM to produce count spectra for two
Sodium-Iodide (NaI) and one Bismuth-Germanante (BGO)
detectors. Each simulated source spectrum has a synthetic
background added such that the signal-to-noise ratio is 30.
The photon distribution of the background spectrum is a de-
−2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0
α
0
5
10
15
20
25
GBM α
SCS α
FCS α
Figure 3. The α distributions of the GBM peak flux spectral
catalog with the α distributions from fast- and slow-cooling syn-
chrotron superimposed. The green lines indicate the LODs.
creasing power law in energy. In total, 1000 spectra are cre-
ated for each of the SCS and FCS models and then they are
fit with the Band function and their parameters recorded.
Examining the distribution of α’s found by simulating
SCS, it is clear that only a small portion of GBM spectra
can be explained by the model. We note that the LOD is
actually worse than what was derived in (Crider et al. 1998;
Preece et al. 1998) because the SCS α distribution peaks at
∼ −.8 as shown in Figure 3. This leaves the harder half of the
GBM distribution unreachable. The tail of the distribution
stretches towards more negative values. The spread in the
values of α derived from the Band fits to the SCS and FCS
synthetic spectra is attributed to the different values of Ep
alone as can be seen in Figure 4. For the distribution of α’s
from FCS, the LOD at −3/2 holds true and the width of the
distribution is narrow and stretches towards negative values.
This is because the FCS is very broad and its asymptotic
power law behavior is well approximated by a Band fit at
low energies. Clearly, the two standard synchrotron emission
scenarios cannot account for the GBM spectral catalog’s α
distribution.
Preece et al. (1998) assumed the low-energy data was
poorly described by α because the Band function did not
always approach their asymptotic power law behavior if Ep
was too close to the low-energy bandpass of the detector.
Therefore, they used the tangent slope of the Band function
at some fiducial value near the window to define an effective
power law slope (αeff) that the authors claimed was a bet-
ter measure of the low-energy behavior of the data. This is
however, not what we are testing herein and the correlation
observed in Figure 4 is due to spectral curvature. We are
testing how the Band function fit is affected by the fact that
synchrotron has a broader curvature than Band and this will
be sampled differently when the νFν peak of the spectrum
is near the low-energy bandpass of the detector.
Nevertheless, the effect in Preece et al. (1998) could play
an important role in determining the low-energy behavior of
the data. We therefore test the ability of Band function fits
to measure this behavior. We simulate a Band function with
Ep ∈ {20; 1000} keV with α = −1 and β = −2.2 and then fit
them with the Band function. We find that the α of the data
is recovered from the data regardless of the value of Ep (see
c© 2014 RAS, MNRAS 000, 1–12
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Figure 4. Ep and α correlation for the FCS and SCS simulations. The left panel demonstrates how the FCS (red) and SCS (blue)
models would have α measured if they were the intrinsic spectra. The right panel is the actual GBM spectral catalog Ep-α correlation.
In both panels, the LODs are shown by the green lines.
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Figure 5. The effect of Ep being close to the low-energy bandpass
on α is demonstrated. The simulated value of α is shown in blue
and the recovered values from Band fits are shown in black. The
αeff curve introduced in Preece et al. (1998) is shown in red. It
clearly would artificially soften the correctly recovered α.
Figure 5). Moreover, were we to use αeff , we would artificially
soften the spectrum. Therefore, we concluded that the Band
function’s natural α value is a appropriate to use for our
purposes.
3 CAN A BLACKBODY FIX THE
“LINE-OF-DEATH”?
The spectrum of a blackbody is uniquely set apart among
astrophysical emissivities by having a hard low-energy slope
and the narrowest νFν peak. Regardless of the physical im-
plications of having emission from GRBs in the form of syn-
chrotron+blackbody, the addition of a blackbody below the
νFν peak of synchrotron affords the opportunity to explain
the harder values of α in the GBM spectral catalog. There
are reasons to take caution with using the value of α to infer
a emission mechanism. Burgess et al. (2014), for example,
showed that even if α from a Band fit to real GRB data
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Figure 6. Demonstrating the grid of synthesized blackbodies
(blue to purple) with FCS (green) superimposed.
has a value that corresponds to FCS emission, a FCS pho-
ton model cannot fit the data because the data around the
νFν peak are too narrow for the broad curvature of FCS.
The point being that the curvature of the spectrum is as
important as the values of its asymptotic power law indices.
With curvature in mind, it is important to assess not
only how adding a blackbody component to the synchrotron
would affect the α of a Band fit to both components com-
bined, but also whether or not the combined curvature of
the two components can be fit by the much narrower curva-
ture of the Band function. This is essential to understanding
if the model of synchrotron+blackbody can account for the
observed spectra. To investigate this problem, we simulate
both FCS and SCS held at a constant Ep and then add on a
blackbody in a grid of the blackbody temperature, kT and
the ratio of blackbody energy flux (FBB) to total energy flux
(Ftot) defined such that when R ≡ FBB/Ftot = 1, the black-
body accounts for the entire flux of the spectrum. The grid
of both kT ∈ {5; 100} keV and R ∈ {0.01; 0.5} (see Figure
6) span ranges that more than cover what has been observed
c© 2014 RAS, MNRAS 000, 1–12
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Figure 9. The simulated kT of the blackbody vs. the kT recov-
ered when the spectrum is fitted by Band+blackbody when the
simulated non-thermal spectrum is SCS with an Ep = 300 keV.
in the data (Guiriec et al. 2011; Axelsson et al. 2012; Iyyani
et al. 2013; Burgess et al. 2014). For each grid of blackbody
parameters and each of the synchrotron models we pick two
values of fixed Ep for the synthesized synchrotron photon
spectra: Ep = 300 keV that represents the average observed
value in the data and Ep = 1 MeV to examine in greater de-
tail what happens below the νFν peak when a blackbody is
added. In total, there are four grids each with 900 synthetic
spectra for all variations of the blackbody parameters.
3.1 Synthetic Slow-cooling Synchrotron +
Blackbody
Due to its prolific use as an inference parameter for emission
models, we first examine the value of α obtained from Band
only fits to the synchrotron+blackbody simulations. Figure
7a and Figure 8a show the behavior of α as a function of
the blackbody parameters (R, kT ) for Ep = 300 keV and 1
MeV respectively. For this grid, it is obvious that obtaining
values of α > 0 requires low temperature blackbodies that
must account for a substantial fraction of the total energy
flux. The key change between the two values of simulated
synchrotron Ep is that the harder values of α are achieved
for lower R and higher kT when Ep is greater.
Figure 7b and Figure 8b demonstrate the behavior of α
when the Band+blackbody model is fit the simulated spec-
tra. As expected, the value of α shifts to a more SCS-like
(-2/3) value except for high values of kT due to the fact
that at high kT , the blackbody νFν peak coincides with
synchrotron peak. This makes it very hard for the fitting
engine to fit both components at their simulated values and
lowers the value of kT while increasing the value of α, i.e., if a
true blackbody in the data has a temperature that causes its
νFν peak to coincide with the peak of synchrotron (or per-
haps any other non-thermal emissivity), it is unlikely that
a Band+blackbody fit will find values that are indicative of
the actual physical spectrum (see Figures 9 and 10).
To understand how the combined curvature of the sim-
ulated SCS+blackbody spectrum affects the fit of Band only
to the data, we examine how the high-energy power law in-
dex of the Band function (β) is affected by the addition
of the blackbody. Figure 11 shows the recovered value of
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Figure 10. An example spectrum demonstrating the differ-
ence in the simulated blackbody and the one recovered in a
Band+blackbody fit when the blackbody νFν peak coincides with
the synchrotron νFν peak.
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Figure 12. An example spectrum demonstrating the Band func-
tion’s inability to properly fit the broad curvature of the simulated
SCS+blackbody spectrum. The Band function adjusts by lower-
ing Ep and increasing β to values not typically found in the GBM
catalog.
β for the different blackbody parameters. Very hard values
(β > −2.) are found for values of the blackbody typically
observed in the data (kT ' 30 keV and R ' 0.1). This is
due to the broad curvature of the SCS+blackbody spectrum
that cannot be fit with the narrower Band function. To com-
pensate, the Band function Ep is lowered and β increased
(see Figure 12). Such values of β are rare in the spectral
catalog (see Figure 13).
Finally, the behavior of Ep is examined. When fitting
Band only to the synthetic spectra where the synchrotron
Ep = 300 keV, Figure 14a shows the Band Ep is sensitive
to the blackbody kT except when R is very low. However,
when the synchrotron Ep is increased to 1 MeV, Figure 14b
shows the recovered Band Ep to be sensitive to kT nearly
independent of R. Next, the shift in the Band Ep when the
Band+blackbody model is fitted appears to be more corre-
lated with kT than R (see Figurea 15 and 16). For lower
values of kT (similar to values recovered in the real obser-
vations) Ep shifts systematically to lower values while for
high values of kT , the shift of Ep is to higher values. It is
important to notice that for both low and high kT the value
c© 2014 RAS, MNRAS 000, 1–12
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Figure 7. The α distribtuions from the fits of Band (left) and Band+blackbody (right) to SCS+blackbody simulations with Ep = 300
keV.
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Figure 8. Same as Figure 7 but with Ep = 1 MeV.
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Figure 11. The values of β recovered for the different blackbody parameters with Ep = 300 keV (left) and Ep = 1MeV (right).
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Figure 14. The value of the recovered Band Ep as a function of the simulated blackbody kT when the simulated SCS spectrum has an
Ep = 300 keV (left) and Ep = 1 MeV (right). The pink line indicates the simulated value of the synchrotron Ep.
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Figure 15. The shift in recovered Ep as a function of kT when fitting Band+blackbody to the SCS+blackbody simulations when the
simulated SCS spectrum has an Ep = 300 keV (left) and Ep = 1 MeV (right). The pink lines indicate the simulated value of the
synchrotron Ep. Points above the black line shift to higher Ep values when fit with Band+blackbody as opposed to Band.
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Figure 16. Same as Figure 15 but showing how the Ep shift is affected by R. The green lines indicate the simulated value of the
synchrotron Ep.
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Figure 13. The GBM catalog β distribution.
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Figure 19. The simulated kT of the blackbody vs. the kT recov-
ered when the spectrum is fitted by Band+blackbody when the
simulated non-thermal spectrum is FCS with an Ep = 1 MeV.
of Ep recovered by the Band+blackbody fit is not always
accurate and can vary greatly from the simulated values.
3.2 Synthetic Fast-cooling Synchrotron +
Blackbody
The FCS+blackbody simulations exhibit many of the same
features found for SCS with minor adjustments for the val-
ues of α found in the Band only fits with respect to the
simulated blackbody parameters (see Figures 17 and 18). As
with SCS, achieving values of α > −0.8 requires kT . 60
keV and R & .1, which does not coincide with observations
of blackbodies in GRB spectra. However, when the spectra
are fit with the Band+blackbody model, the measured α
shifts to what is expected for FCS unless the blackbody νFν
peak coincides with the FCS Ep. This can be seen just as
with SCS via Figure 19 and 20.
The behavior of the recovered value of β from the
simulations is slightly altered from what is observed with
SCS+blackbody as shown in Figures 21 and 22. Whereas
high kT and low R result in acceptable β values for
SCS+blackbody, the value of β for FCS+blackbody is
mostly sensitive to R. The already broad curvature of FCS
is not affected so much by where the blackbody νFν peak
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Figure 20. An example spectrum demonstrating the differ-
ence in the simulated blackbody and the one recovered in a
Band+blackbody fit when the blackbody νFν peak coincides with
the synchrotron νFν peak.
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Figure 22. An example spectrum demonstrating the Band func-
tion’s inability to properly fit the broad curvature of the simulated
FCS+blackbody spectrum. The Band function adjust by lowering
Ep and increasing β to values not typically found in the GBM
catalog.
appears in energy as it is affected by the blackbody’s flux.
Still, the curvature is too wide for the Band function to fit
the spectrum without increasing β to typically unobserved,
higher values.
The value of Ep from Band only fits is always affected
by the kT regardless of the flux of the blackbody as is shown
in Figure 23. Again, this is an effect of the broad curvature
of the FCS spectrum. Figures 24 and 25 show a similar be-
havior as with SCS for the shift in the recovered Ep when
fitting with Band or Band+blackbody but is slightly more
sensitive to the flux of the simulated blackbody though the
overall dependence is still from changing kT .
Overall, we find similar behaviors for the fits of Band
and Band+blackbody to the simulated SCS and FCS pho-
tons models. The main change occurs in the values of α and
β recovered as a function of the blackbody parameters. The
relationships found in the test all have similar dependen-
cies with the magnitudes of the effect changed due to the
different curvature of the SCS and FCS spectra.
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Figure 17. The α distribtuions from the fits of Band (left) and Band+blackbody (right) to FCS+blackbody simulations with Ep = 300
keV.
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Figure 18. Same as Figure 17 but with Ep = 1 MeV.
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Figure 21. The values of β recovered for the different blackbody parameters with Ep = 300 keV (left) and Ep = 1MeV (right). The
pink line indicates the simulated value of the synchrotron Ep.
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Figure 23. The value of the recovered Band Ep as a function of the simulated blackbody kT when the simulated FCS spectrum has an
Ep = 300 keV (left) and Ep = 1 MeV (right). The pink line indicates the simulated value of the synchrotron Ep.
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Figure 24. The shift in recovered Ep as a function of kT when fitting Band+blackbody to the FCS+blackbody simulations when the
simulated SCS spectrum has an Ep = 300 keV (left) and Ep = 1 MeV (right). The pink line indicates the simulated value of the
synchrotron Ep. Points above the black line shift to higher Ep values when fit with Band+blackbody as opposed to Band.
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Figure 25. Same as Figure 24 but showing how the Ep shift is affected by R. The green line indicates the simulated value of the
synchrotron Ep.
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4 DISCUSSION
Herein, we have investigated the ability of both optically-
thin synchrotron emission in the form of slow-cooling and
fast-cooling as well as synchrotron emission with an ad-
ditional blackbody (photosphere) to explain the observed
Band parameter distributions in the GBM spectral cata-
logs. Additionally, we have investigated in detail the prop-
erties one would observe if the true observed spectrum is
synchrotron+blackbody and is fit with a Band+blackbody
photon model. We confirm the original conclusion of Crider
et al. (1998); Preece et al. (1998) that neither SCS or FCS
alone can explain the entire catalogs. Moreover, we find that
if the true observed spectrum is SCS then the “line-of-death”
should actually be at αLOD ' −0.8 rather than the originally
stated -2/3 owing to the fact that synchrotron asymptoti-
cally approaches a power law shape and continuously curves
below its νFν peak. This causes a fit with the Band func-
tion to recover an α that is dependent on the location of
the νFν peak with respect to the GBM low energy band-
pass. Furthermore, we conclude that it is difficult to recover
the parameter distributions of the GBM spectral catalog by
adding on a blackbody to synchrotron emission if past fits to
observations represent an actual sample of the typical black-
body parameters. If GBM observations typically contain a
blackbody with kT ' 30 keV and R ' 0.1 then values of
α > −2/3 would not be found when fitting these spectra
with a Band function alone. Also, much harder values of
Band’s β would be observed for the typically found param-
eters of the blackbody. This is due to the broad total cur-
vature introduced by the combined synchrotron+blackbody
spectrum which is too broad for the narrower Band function
to fit.
To explain the hardest α-values in the catalog, we need
to observe blackbodies with a higher value of R and the
blackbody would dominate the spectrum unlike what is ob-
served. This finding indicates that while fits to these GBM
spectra with Band+blackbody are to be statistically better
descriptions of the data, the resulting Band function is very
different from a synchrotron function (α too hard and the
spectral width is too narrow.) We have checked the prelim-
inary GBM time-resolved spectral catalog (Yu et al. 2014a)
for spectra with hard α and β which these simulations indi-
cate could contain a bright blackbody component. However,
out of ∼ 1800 spectra, very few have both hard α and β and
those that do contain no statistically significant blackbody.
The Ep recovered from the Band+blackbody fits to the
multicomponent simulations is not always accurate and can
differ from the simulated true value. This, combined with the
fact that the fitted flux and kT of the blackbody in these
synthetic data are not always accurate means that using
the fitted Band function Ep in multicomponent fits to infer
properties about the GRB or to examine flux-luminosity re-
lations should be done with caution. The Band function is
simply too flexible and the free parameters work together to
fit the curvature of the data in the best way possible without
regard for physics.
There are other forms of synchrotron emission and pro-
cesses that can result in different spectral shapes. For ex-
ample, Klein-Nishina losses can significantly alter the low-
energy spectrum of synchrotron emission (Daigne, Bosˇnjak
& Dubus 2011). Additionally, Uhm & Zhang (2014) have
shown that altering the magnetic field structure along the ra-
dial direction of the outflow can also modify the low-energy
slope. However, it is not clear if these processes alter the
spectral curvature of synchrotron resulting in a narrower
νFν peak more consistent with the Band function. If that
is the case, then it is possible that the combination of this
narrower synchrotron emission produced in Poynting flux
jets (Giannios & Spruit 2004; Zhang & Yan 2011) and a
blackbody could explain the GBM catalog; therefore, such
emission mechanism should be tested in a similar way as
what is done here (see however Be´gue´ & Pe’er 2014, where a
problem with Poynting flux jets and photospheric emission
is discussed).
One should also note that the few studies that have at-
tempted to numerically simulate spectra composed of syn-
chrotron emission and a photospheric blackbody. For exam-
ple, Hascoet, Daigne & Mochkovitch (2013); Gao & Zhang
(2014) use the Band function with an α = −3/2 as a proxy
for the actual synchrotron emission. This artificially imposes
a narrower curvature on the simulated spectra and guaran-
tees that the spectra will mimic the shape observed in the
data. It will therefore be difficult to use these simulations
to assess the physical validity of Band+blackbody fits to
observed data. However, when these simulations advance to
the point that both the thermal and non-thermal compo-
nents are realistic physical representations of the theorized
emission, a similar assessment to what is done here can pro-
ceed.
Studies where a physical synchrotron photon model is
used to replace the Band function in spectral fits have shown
that it is possible to fit some GRB spectra with synchrotron
or synchrotron+blackbody (Burgess et al. 2014; Yu et al.
2014b). However, these works find that only SCS can fit
the data accurately due mainly to the curvature of the data
around the νFν peak. However, calling these spectra SCS
could be misleading. Beniamini & Piran (2013) point out
that when γmin and γcool are close to each other, the elec-
tron distribution is in a marginally fast-cooling state but
still mimics the shape of SCS. Additionally, the narrowness
of the νFν peak in the data can be fit with thermal emissiv-
ities related to sub-photospheric dissipation (Iyyani & Ryde
2014). All of these findings indicate that spectral curvature
must be considered when trying to infer physics from fits to
GRB spectra. There is a tendency in theoretical modeling to
aim for a single value of α as a mark of success in explain-
ing the emission process in GRBs. Obviously, as we have
shown, many factors such as curvature, detector bandpass,
and the limited shape of the Band function should be consid-
ered as well as the peak of the α distribution when assessing
the predictive power of a model. Beloborodov (2013) points
out that synchrotron faces a problem of more than just the
LOD. One must consider the narrowness of the νFν peak
and the clustering of Ep which is not easily reconciled with
the current knowledge of electron acceleration processes and
astrophysical magnetic fields. In fact, Axelsson et al. (2014)
study the width of spectral curvature in the GBM catalogs
and find that nearly half of the spectra are far too narrow to
be explained by synchrotron emission. It is possible that this
corresponds to our finding that only half of α distribution
can be explained by synchrotron or synchrotron+blackbody.
In conclusion, optically-thin synchrotron emission with
or without a blackbody accounting for emission from a non-
c© 2014 RAS, MNRAS 000, 1–12
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dissipative photosphere is insufficient to explain the entire
GBM spectral catalog. Both scenarios can account for lit-
tle more than half the observed spectra. This implies that
at least a large fraction of the catalog GRBs have an-
other origin such as emission from the photosphere including
subphotospheric-dissipation (Rees & Meszaros 2005; Pe’er,
Meszaros & Rees 2005; Beloborodov 2010) and structured
jets Goodman (1986); Lundman, Pe’er & Ryde (2014).
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